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[|f*«ll MI MO OFDMffim<0/i<6fi0^r&-C 

Busem 1 <7)x- ^ y o -/ fi^ j3 i t/fiieii 2 cox - 
a, 

^Hif-thXT- -y rSr $ 4>(w-^tflS*JS4 CIB^co:^- 

fc<k 0 . ^-^ ^VPCON M S E 2:fbM;-r S Xx >y T2: $ 
^.tc^tyffl*^ 1 {,zim<7>:ffm. 

[fi««71 MI MO OFDMam<03ti^><?5*&-C 
mi<7)x-:?:/a>y^'5r, m 1 fcJ:t^m2cOlf^^b$ix 

^m-t^^j«t^*ii 1 <r>^-^t^{mizm^-ti> 

Xfyyt. 

ijiam 2^o^^^-^l:$^^i::^i^^rB2^oM^ir>'7^-^*»<^> 

imi^?.X7^yri:, 

S2<^x-^'7'Q y:?^, ^3*3 J:t^m4<0^3r^fl:$*t 

fv:fi-^^^^^m2c7)^H-i^^?-§-fbStc«J^-rS 

x7-vyx'$)-:>x. Buiem , Bofeii2, goieissfci 

i^em4 O#^$-^^bSix/cfi-^(i#0 F D M^n .y ^' 
S-Jg^^SX-r-yrt. 

iSfi^-SX-f •yT'i;. 



vkm-hXT-yyt. 

iJiani. Huiaig2, friaii3±>cti/mieii4io»-^-ft: 
$nyt:m^?r. mLcr>^mry^^izii\^x^m-^x 

"r-yyt. 

afe-fb-rsxxyrfc. 

Hffie»frefefl:$ttJtig 1 ff^'r-^yn ^j^m^fizaw 

xm:m^iti:m^-ttxy^-yrt . 

miMm'&i^\t^td-z'^7.<r>nr—9y'u <y ^'ii#tctjv^ 

l<7)T-:J'7'n-yi?fl-^?rK?*U. t!rieil2<0T-:J':?" 
n >y jJ'm-^^S-S^-g-ft-rsXx .y r t S:*-f 
[iS*«8 ] Bfrtefi^iSrlHiMM s Efc:«-:J<ft^:s 

t,zm.mm.m:ti^^tix^ . mm'2<r>'T-9yu-y'^m 
^'iZ'^n.mtmm-^t.tiht^ . mnssfim-f-^s^ 
mi^mm^tt^hmsmico'f—syu-y^m^^ 
|rriei?2i07^-^ya-x;5'm-^?:Sffi#^-rs 

XX y r S: $ A> (c-^tf M ^JI 7 fcie®c7):^rS . 
[W*« 101 t'rJ' t'a-^-fb^rfflv^SXT^ -yT^ S ^> 
fe:-&-tflil*«7 lc^<o*ffi. 

[is*«i 1 ] mLLfz^-^m?^^t:m\^x , m 
lem 1 iiXx/mm2(o'f—?yu -y ^'fi-^srij^-ft^ 

[i«^«12] mnemi*5j;VBufail2cOx-:5'yD 
>y ^mn(r>my[ S EtiaSrff d xx -y T5r S <^>{c:-^tfff 
*«7tcie«<^:^, 

mim 1 3 ] miieis^osfir i^T^-^ji, 'jf^j:< t 

[||*« 1 4 J ^A- ^^/loffiir a 7 r >f ;H»«tcS^ 
(r^T. ^-^^;W£J^^ffiS:«;^^#»ti-SX7^>y7-*$ 

^> tc-^tf w«3a 7 izmm(r):m . 

F T SrS^-f S Xt^ «y r $ tc-g-tf 7 fclEliiT) 

i,ztnx.tiia<r>mLizm'^-rhmi^mfy 9 $rfts:-r 
i.x7^>yr$:$^> fc-^t?it*« 7 let ea£7)^a. 

171 M I MO O F DMfflft03tJ^>0:6^ 

tc??^^-r5xxyri:. 




f-^yzrt^^hfjm. 

[0001] 

(cMt, il3cJg»!S:ii-S'J^S^ (OFD 

M) afii^xxAtcw-rs. 

[0002] 

[0003] ioco3aj^>ti,rt->Si^;^T-AT«. ^^<?d 
#A*^ai:»j (M iMO) f-A-^/us-jgfigL/sO^s:: 

SrItairtTfeO, ii3aS»[|gt^S0#«fl: (OFDM) 

^j^f-A- ^-)Vi^-th 1 A:^ 1 ffi:*! ( s I s o ) xXt^ 

[0 0 04] 01 {i, r-^'<0j||fi-9-7'v-;^xAi3j:t^ 
Sfi-9-7'v'>?.7^A$:-i-tffi!*<0OFDMi^;^7"Al 0^ 

:5'-U-7'-9-7'S^X7^i^l4KJ:-5T^ >':S'-y-7'§ 
-ecolt. V yt:>'^^i?-yi^;^7"Al etcioT, ^ 
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^tf, -?-£7)f^. 'y^-v^yx'p^M^- yV^imi 
\,zi&\^x^^^)V^^'&-thtz^<r))M D 7 hfi#$>, 

)M o .y bif A-^f ri^XxA 1 8 tc J: oTif A-Ti. Cl i: 

S , U T/U/VN"^ 7"i^XT-A 2 0 

( I FFT) -9-7'i^;?.-fA2 2t«l&$ilS^N"7Wt-x 

[0005] ^str-tT^— ^li. vN'^wp/v-ur/i^ 

2 4 tc J: o r U r;Px- ^'X h U - 
nS, ■9-ri^X7^A2 6tC±oTjS|lIfifc^t3J:y^'>>f V 

Ot:J:-?Tillfi§*l.S. OFDMS/;?.xAOSfigS3 2 

[0 0 06] ia2tc^§ixSJ:dtc:. *D4.ixTV^^OF 

{i. lOfTDOFDMx— ^'i'>'^/K04O<0if7'=Sf-vU 

reoei-e-ixm, ^y9—f<)VT\,zi5\^x. hhim. 
;HS{±l3^c(tM=5r&, 

[0007] lOCO»^>ixTV>SOFDMjHiv-XxA 

IS-^r o-fe >y-9-^ffi«-rS i: § , ^<OSIBI-^r 

n-b -y -9-cOl4t&&i« L < ^-ft-r ^ , 
[0008] -eiX»9>i. , fi-^^iil$:eSl#L/iM I MO 
O F D M v-XT^AS-ftft-rS ^ t imttl?> X'$>^ o . 

[0009] 

MI MO OFDMi^X-rAli. 
<?Dj:v>j£«iSi|i<offlmiSrSie^-rs. MIMO OFDM 

[00 10] 

IMO o F DMiifii^xT^Aji, saoMfiryT^i- 

-^'yo-y^Ji-eix-Pix, l^liiJ;tX|l2c7)#^-^ 
iai>'n-:J^CJ:-p-C2oc7)ffi-^tc^$ilS. 4o<7) 
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fi$ O F D M 7"o y ^ cr>mi3i-^i:>itX'$> I. 
^?r«iaiL. i}--^m^'(tr^mz^ m2<7)x-:J'7'a.y 

MSE) -cmmL. ^<m. ^"^r^m^mim^i: 

coo 1 1] ^tTT^^fflS-ri.ittcJ:'). >^ 

-eof*. ffi<0T^-:J'7'cj y^'{i<§iESn/>:ft-f-*-^W^ 
[0012] 2|s:|6BJ<=0$ ^>lcSiJcOlS«T'{i:, M I M O 

[0 0 13] 

i¥m<7)mm<7)mm: ^^mit. mt<7)mmtti,^z^ssl. 

tttx^tz^^x'h^o. 

[0014] -^mz^ 2|s:^BJ{i, M I MO^^^)l-^m 

i^^hmxmmML^mfi'mit (of dm) v-xt^a?: 
L p {iSftr ^7^:^c7)Sc^^^^^5 l . h ^ j [ n . 

<7)^A'^/Pjgifi^a?§:$r^L. wj [n. k]Ji:, j# 



[ 0 0 1 5 ] ia4{i, 1£^<r>T'y'7")'^^hM I MO 
OFDMS/XxAl OOS-^LTtJO, ZZX'li. T 
42|s:<0ill«ry-r-:^TAl-4t>J:tX1^i7) 
SliT^-T-^RAl^PtLT^^itS, 43^illfiT 

i}K iiM(r>m<r>mmTyr-i'^m^'^i>zti^X'^^zk 

[0016]MIMO OFDM>-;:?.T-Al OOJi, IS 
l<7)^-^yu'/^hi [n, k] Srglrrsi^lco^ 
ra-^^^^-ffcSSTEl m20-r-^'r^0.y^'b 

2 [n. kii:^mT?>m2cr)^mi-mm^-^imsT 

E2i:2riii.i>. h-^ktlfeftS^HnT-ii, 2oc7) 
#T— ^'7'o>y:7, {bi [n, k] :k = 0, 
1, . . . } ( i=liiJ:X/2) mii5Xl/m2<D 
^S-BtS^^-^-fCSS TE 1 it/STE 2 ^att . 
'?-ixm2O£0fi-t {t2i + j [n. k]:k = 0. 
1. . . . & j = l. 2> ( i = l*3j:l^2) IzmSi^ 

ix^ (^1~3) . Vt^-ft^tttz^m^li. OFDM:/ 
n-yiJ'SrJg^t- iHftryT^-^TAl— 4«±. 

tmi [n. k] (i=l 4) tCioT, # 

)i©27-i;x^I FFTl~4f^L;tt^tC. O 
FDM«-f-2riil^rrS. 

[00 17] T>'7^-^TAl~4t=J:-oTjtmSiX^^fi 
■^(i. §fir>'■f-^RAl~-RAP(^J:-?•cS^i^^^ 

Sfi^ix;t«-§-r 1 [n. k], r2 [n. 

k] rp[n, k] (i^ix-TiT-aiS^-UJ^ 

^ (FFT) 1^7'>->^.xAFFTl~FFTP^^io 
X^^il. Sra-^iaTO-t-y-^-STPC^J&^itS 
ft-tSr^L, rn-k>yHfSTP<i«iai$ix;ft«-§^ 
2:, mitJj:tX|g2(75#^ISI-^ias^-(fcSSTDltJ 
J:l/STD2lc«*&-r-S. ^A-^t-yu^N-^^-^-ii^Sc 

■^-STPtcgtj&^ixS. 

[0 0 18] #s^tryT■:^RAl~RAPt^^jv^TS 
4o<os;?iL$-S-A'CjM<i§*i^«#<o 

mfi^h'tx'h*) . ^tm. j = 1 p«7)%& 

[Scl] 



[00 19] OFDM«^c7)J^<7)A:^-ai^»<7)Bg« 
lUTWiC ( 2 ) - ( 4 ) d^:^:? h 

[lg(2l 



• 
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5C(2) 



U4[n.fc]; VWn,*]/ V*a.>ai«.*]; 



iJC(3) 



: : 



[0020] mm:r^^<-i^i'^mmiiximm^tifz 
TPjs. mifcJ:t/fai2«o^fa-i^Hs-^-fbssTDi 

tJ it/f S T D 2 tc i ->-C«#-fti-r-S Jttf)fc<ej® t $ fl5 

ft-ti&iftm^i.. sra-^rara-fe /-9-i3j:txsra-i^ 
[0021] -^tmmTii. cpEti, ^A'^/i^^'N-^ 

Y. Li^(Zj:|> r Channel Estimation 
for OFiM Systems with Transmitto- Diversity in Nob 



^tii5-t-g.««®iliT'*> >o. c ( t ) {i^:%r«u-f X h 3 

rk (t){i, fKIS^^ (wide-sense stationar 
y : WS S ) . »E=^l««5B;<^'>xro-bX-Cfc 0 . -f-O 



5t(4) 

ile Wireless Channels j (IEEE Journal of Selected 
Areas in Comm.. Vol. 17, pp. 461-471, March 1999) 
ioit/Y. Li.^tCiS rsimplified Channel Estimatio 
n for OFDM Systems with Multiple TransmitAntenna 
sj ( IEEE Journal of Selected Areas in Conrn. ) (CfB 

[0022] ^W^ty^-^rPXf-v^/W yjvux^ 

m-hzbtpx'^i>. 
m5} 



i/mmffi^i^mm (tu) i,zim-t&> ^^^Mt^ 
[0023] iiBco^ ( 5 ) *>^> , ^rat iCtJft^ia^ 

[19:6] 



[187] 



1.. 

[^8] 



jC(6) 



SC(7) 



1 
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5^(8) 



/A f tcj;-pTA r;::M<«flt^t.n^. i=o. i k.^ - i coJifrw 

^1r^^;UJSS:ii [n, I] tJ. WSS, 3^7B=*!l4faj!l;^f>?x:/D-t7.T'^a, ^A- 
J^JHi [n, n 6DJF*5^^ji3j;tf}fitSKo «K) tt, ^-f 



[0024] :*:%BJtCcfciX(i'. fl-f-^tllti. ^^WtC* 
Ml^fife'ftt. ^cof^, (ML) S^-fLSrfflv^-g.^ 

[0025] Jg^«!a}i:{i«BSWtC. ^flWcinjf, 

m 2 Ox- -/ b 2 [ n , k ] <r)fz>^^\,zn^^^ 
tltzmmt. m 1 CDx-^ y a >y ^'tt^ b i [ n . k ] 

i^iXi), |5l:^tC. ISK^iT'-^T'D-y^bi [n, k] 

■^b2 [n, k] ^^aiL, 

v|n, k] = Hjin, k]i2|n. k] + w(n. k) 

5? ( 9 ) <r>^9 VMilSi<r>^ ( 2 ) ~ ( 4 ) t^km^ 
[ 0 0 2 7 3 V [ n , k ] *^ 3£iawi3<ky^swicfi 

fWt (ML) a-^-fbf§i:^T-$)S. L*'L^*^^,, v 
[n. k] *>-ffiraW*3il/^ra6<JfcfflW*iS>l.«^tC 
<±, MLfS-§-fLSc7)fc«6(C»B?afe^b«lS*iffl»<'>i^ix 



[ 0 0 2 6 3 ««Ji.{f . m2cof-^'7'D-y^'fl-^b 
2 [n. k] {i, IS3i3j:tXm4<?D3aimr>^-r^TA3 
fcitXTA4lCj:-:.TMfi$ix-Cfc'3, ^IcOt-^T' 
a-y^'ft-^bi [n. k] Sr«liilL. A^oa-^-fb-fSIS 

H2 [n. k] ^^m^cr>tz)f><nmm^ixhm^^ 

9h/\^t2 [n, k] S:»{t-^i?-li-. miCXf^X^W 
w [ n , k ] 5raDi.7ttcOtC^L.< . JUTO^S: (.9) iz 

xC(9) 

Mi.miiii:^mz^:hfziif>t,z^ ^{mimi^mt 

[00283 
[i'l-2 3 



[s;ci 03 

Tt^'L, U y HffiSitt, WT<0^ ( 1 1) *5 IS 1 1 3 

itf (1 2 ) fctSV^T^^n*. 
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m\H,k] ^ (r|«,t] - Hiln,*}t,[n,lr))*R;»(n,*](r{n,A:]- H,In,it]t, {«,*]) 



^m#tc«4tt'?.ix-CV^& i 0 fC. ff^iJRv [n.k]<0 [0029] ^^O^, fiSfW-fS CI t J: 0 , S/Jvi 
jttT^flfi. ^^^^r^/U-fE^cofflSfflBlHs [ n . k ] -^"J •/ HSBd^. ( 1 3 ) fc^^ttS J: d KS« 
H2« Cn, k] *-/i>^ai§ix, ffi-f-SrSfe-fLt-STttf) -Tl. ^ i: 3&*-C'# S . 
tfflV^S^:i:*«T#S. [iai3] 

mlii,jlr] = r*ln,*jR7'(«.*M'>.*3-^{n.tlHf(n,*)R;;'tn,*3rtfi,Jb] 

+tf [«, i]Hf In, *]RCMn, *]H, (n , *lt, (n, Jt). 

[i'l-B] [IS14] 
mn.k] «:gJtT<?)^ (14) *3j:r/ (I 5) 



xC(13) 



SC(14) 



m{n.*] » »'K*lR;M'».*M«.*l-»i'l».*lftf{«.*llil»i,*Wn,*l 

-r^to, *lLf [«, *lHi(n, *It,(n.*I + if {«i,*lHf {a, ftjHifn, iit,(ii, k] 

« r»lii,*lR;»ln,*H«.*l-Sfl»,*|hI».*l 



[0030] 



f,l»,fcl = LiIn,*]r[B,*l. 



[SCI 7] 



[^h4] 



^(16) 
5*(17) 



# - • 
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LS^-fttt, JWTcDjt: (18) cD{ia*S'Mc-rs<i3fe^nfc!Bi ©5=^— 

^ fei n. fe]) It S i: t #fdET^ 5 . 

[ai8] 

^({ftiK*!)) « E - ftit».*I*it'».*lll» 

fi!-o-C, »frt::e€l^bL:^wf*. 2jli«r yx-^-fciV^2 [003 1 ] Li [n, k] ( 1 9) IZ^^ix^X 

Lt(f.,*l = *|)*H{'(n,*)R;«[«,*l. 

R»fM<o«-^ti [n. k] coft-'h^:^-^^ (MMS tf^Jti^ ( 2 0 ) (cfe^Sixl. J: ^ tc^-T^i 

E) 1gffi<03ttf><59Elf^<?5«i?i4T5liHi H [n. k] Rv S. 

-1 [n, k] {i. T^ft-^t2 [n, k]^filffi-r [IS2 01 

£{H{'[n.*]R;»[«,*M«.*l (Hf[».*lR;»(».A|v[».*l)''} = Hf (ii,*]R;>(n,*lHi(«,*l. 

xC(20) 



[0032] *f|HHcOSiJc7)««TJi, ±i^:^7-M.ii.mi: 

[ 0 0 3 3 ] — ^]^®-CIS, M I MO OFDMv-X 

-:f<aiBFF^«?r#tf. lllfcJ:t^m20x-^7'o 
•y:J'bi [ n . k ] iJ it/f b 2 [ n . k ] li, ±iB<7) J: 

09;c{fmi«Ox-^'7'ny^bi [n, kltcisv^r^ 
-9-r\3'y9y>i [n, k] tfcV^T^||At«im$iX^r 



2 [ n . k ] cofcyxo^^-fbsn^m^ti. 

fl^*^^>^*Sfi., 1?JW^^5r■§•^T■^^yilgl^07'- 
^7'o-y:J'bi [n, k ] SrS^tfiL, ^^offi-^-fk-fS 
7ti6tc. iO^'Srfl^^fflv^SCit**^ #SJ:o^^t- 
^. iO^ffrWWi:, IglOT'-^yo-y^ti. II2C0 

[ 0 0 3 4 ] :^ ^>lCS'J<7)|IMJ^®T-<5. M I MO OF 
li=3rv\ T-:J'7^n.y:?ft^$:-?-<X'fix«iaiL. 
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[0035] :^w^^mmmmx'ii. ui mo o f d 

i;i>lc, *n^>ix-CV>|>^l^ (decision-directed) f- 

^iiXX/hU—~yyi^—tryx\,i^ Y. (Geoffrey) Li 
^liZ^Hh rchannel Estimation for OFDM Systems with 
Treinsmitter Diversity eind its Impact on High-Rate 
Data Wireless Networks j (IEEE Journal of Selecte 
d Areas in Comm., Vol. 17. pp. 461-471, March 199 
9) fcitA.Li.^lCiS rsimplified Channel Eistimat 



ion for OFDM Systems with Multiple Transmit Antenn 

as J iiztm^fih, ^(r>m&^titz'^-^^^)vmmruy 

C 0 0 3 6 ] — ^^:^fVyuyr>{}V<r>m^i6ii 

¥Sr^-r^c7)T\ mm.i,zmLxim^iit>tih, mt. 

[0037] 
[^6] 

1] tt, mrMIS«*i.kO;M«c««B«0^ 



5^A'*;i''f >/^;wx*£:«h, , [n. 

uxam (DFT) srwuTwwfiE-rsct^i-c^s. 



[a2 1] 



[il-7] 



(BO 



«, iHacoit (5) tcSite^tl. Mi&«^e, , [n, 1] imTCOSC (2 2) 



[S:22] 



it^He i J [ n, 1 ] li. Ti%ffiOT4^iS[<y2 
SJi, OT«0^ (23) ^Zi5\^X^m^tlhiEMi\L^1X 

^^^^ - Wi^KW 



xC(22) 

TtMSE (NMSE) TaS^SvIt^J-C^S. 
[ia[23] 



SC(23) 



NMSEr = KoO^ 

-tOi©^. NMSE{±^ (2 5) (c*$iiSJ:3fc:jEa [8251 



xe(24) 
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it (25) 

[i!t26] [0038] 

«ffr. ffi*-f^tt'7ri7^ai J!JA KlcK^snsit (2 6) iZ7r:^tl^<iioU 
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